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Abstract

A new relative humidity and air temperature sensor, the Sensirion Model SHT1, has been
thoroughly tested by the Upper Ocean Processes (UOP) group at the Woods Hole Oceanographic
Institution. One-minute averages from two of the sensors, as well as a Viisdla HMP45A, were
recorded for over a year. A third Sensirion sensor was kept in the laboratory and calibrated at
monthly intervals with the other three sensors. The standard deviation of the difference in
relative humidity between the Sensirion sensors and the Viisild was about 2%RH. The
difference in air temperature was about 0.2°C. Drift rates in relative humidity for the two
Sensirion sensors were 2.7% RH/yr and -0.3% RH/yr, and in air temperature, 0.1°C/yr and
0/3°C/yr. Because one of the two Sensirion sensors deployed outside had significant variations in
its calibration, the UOP group will not adopt these sensors. However, their very small size, low-
cost, and low-power requirements may make them desirable for other uses.
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1. Introduction

The Upper Ocean Processes (UOP) group deploys a suite of meteorological modules on
ships and buoys, which, with the sensors that have been selected for them, record climate
quality data. From the beginning, the UOP group has been alert for improved sensors.
New versions of the Viisild relative humidity sensor and several barometric pressure
sensors have been investigated for possible use in the ASIMET modules. In 2002, a new
relative humidity sensor developed and manufactured in Switzerland by a new company,
Sensirion, was discovered. The sales agent in the United States for Sensirion is Onset
Computer Corporation in Bourne, Massachusetts.

2. Sensors

To make trials simple, Sensirion sells a kit with a supply power, a digital communications
board and several sample sensors for $300. The UOP group purchased three, packaging
two in IMET titanium cases and keeping the third inside the laboratory as a control.
Figure 1 is a photo of the sensor package version, which was tested as installed in a
plastic mount originally designed for Viisdld sensors. The mount includes a porous
polyethylene plastic shield, which protects the sensor from rain and dirt. The Sensirion
sensor is small and contains a relative humidity (RH) sensor, an air temperature (AT)
sensor, a processor and memory, and digital communications hardware. It is capable of
storing calibration coefficients, computing RH and AT in engineering units and
responding to digital requests for data. The sensor alone, without the power supply and
communications board costs approximately $30. Appendix A contains the specification
sheet from Sensirion. Sensirion lists two models in the configuration used, SHT11 and
SHT15, that differ only in their specified accuracies. The stated accuracies are given in
Table 1.

Table 1: Specifications for SHT11 and SHT15 sensors.

Model RH Range T Range RH accuracy T accuracy
SHT11. 0-1000%RH -40to 120°C +3.5%RH +0.5°C @ 25°C
SHT15 0-100%RH -40to 120°C +2 %RH +0.4°C @ 5-40°C

3. The Experiment

In November 2002, one Sensirion SHT11 sensor (S15002) and one SHT15 sensor
(S15001) with their communications boards were mounted in two ASIMET module
titanium cases at the tower test site as shown in Figure 2. Two DOS computers were
mounted in a shed behind the mounting rack and cables run to them. A QuickBasic
program on each PC put the sensor in automatic output mode, yielding a data record
approximately 85 times per minute. The program accumulated the data, recording one-
minute averages. Raw counts were recorded instead of computed parameters in order to
have flexibility in applying calibration constants. Also mounted on the rack was an




ASIMET relative humidity module, serial number HRH205, containing a Viisild
HMP45A sensor.

All three sensors were protected from solar radiation by multiplate shields, manufactured
by R. M. Young. The ASIMET module recorded one-minute averages internally, which
were used as a comparison standard. One Sensirion sensor, S15003 (SHT15), was kept in

the laboratory through the whole field period and calibrated with the field sensors to look
for different aging in the field sensors.

At approximately weekly intervals the data files were retrieved from the DOS computers,
and at approximately monthly intervals all three units were brought inside, the data
down-loaded from the HRH205 module, and all sensors calibrated. The new calibration
constants were entered into the HRH205 module so that its readings would be as accurate
as possible. The SHT15 kept in the lab (S15003) failed during the 25 September 2003
temperature calibration due to flooding in the water bath, and it did not work again.

Figures 3 and 4 show hourly averages of the relative humidity and air temperature,
respectively, from the three units for the whole year. There are two major gaps: during
the first gap, year day 368-402, the HRH205 failed to record data; during the second, year
day 453-499, incorrect air temperature constants were entered into the HRH205.

4. Calibrations

All three Sensirion sensors and the Viisild sensor (with its module electronics) were
calibrated for relative humidity in the Thunder Scientific Model 2500 calibration
chamber. This has an accuracy of +0.5%RH and a range of 10-95%RH. They were also
calibrated for temperature over the range 0-35°C in a Hart calibration water bath using a
Seabird Electronics Model SBE35 temperature standard, which has an absolute accuracy
of ImK. In total there were 11 calibrations at approximately monthly intervals.

5. Time Series Results

The UOP group is interested in both the accuracy of the Sensirion sensors relative to the
Viisdld HMP45A and their long-term stability. By revising the HRH205 constants with
each calibration we expected to avoid any problems with long-term stability of the
Viisala sensor. The Sensirion data were processed using the initial calibration, October 2-
3, 2002, in order to look at the long-term drift. Because the Viisila HMP45A was found

to have a fairly noisy air temperature signal, only one-hour averaged data were used in
the analysis.

For an overall view, we will ignore the variation with time and will look at the scatter
plots of the whole data set. Figures 5-8 are plots of HRH205 vs. the Sensirion sensors.
Table 2 shows the equations and standard deviations of the fits.




Table 2: Statistics of fit of scatter plots.

Plot
Fig. 5

Fig. 7
Fig. 8

Par

RH S15001(SHT15) RHyrmzos = -2.05 +0.95623 * RHs15001 1.76%RH
Fig.6 RH S15002(SHT11) RHyrmos = -3.88 + 1.00249 * RHsis002  2.01%RH
AT S15001(SHT15) ATurmos =-0.19 +0.99941 * ATs150m 0.17°C
AT S15002(SHT11) ATgrmos = -0.51 + 0.98845 * ATsis002 0.21°C

Sensor

Fit Equation Std. Dev.

Overall, then, the Sensirion data fit the Vaisald data within approximately 2%RH and

0.2°C. Since these numbers are within the accuracy claims of both Sensirion and Viisili,
they probably represent the accuracy with which the two sensors can be compared under
field conditions.

Looking at it a different way, Figures 9-12 show the time series of the differences with
HRH205 with a least squares linear fit of difference to year day. Table 3 summarizes the

results.
Table 3: Drift relative to HRH205.
Plot Par Sensor Fit‘equation Std. Dev. Drift Rate
Fig.9 RH S15001 ARH=2.01+ 0.00728 * YD 1.77%RH 2.7%RH/yr
Fig. 10 RH S15002 ARH=4.09-7.95E-4 *YD 2.01%RH -0.3%RH/yr
Fig. 11 AT S15001 AAT=0.26~-135E-4 *YD 0.17°C 0.1°C/yr
Fig. 12 AT S15002 AAT=0.19+8.81E-4 *YD 0.22°C 0.3°Clyr

Only S15001 RH has a significant drift rate.

6. Calibration Shifts

We can also look at the drift in calibrations. To do this, a set of nominal counts were
computed. These yield the nominal calibration relative humidity values when substituted
into the calibration equation derived for the sensor from the first calibration. This was
done at 10%RH intervals from 20% to 90%RH, and at 5°C intervals from 0°C to 35°C.
Using these count values, relative humidity was computed from the other calibrations for
each sensor. Figures 13-16 are plots of the difference between the relative humidity
values computed from the nominal counts and the nominal humidity values (relative
humidity difference) against relative humidity. S15001 and S15002 show little change at
low values of relative humidity, but their response tends to decrease through the test
period. S15003 has a somewhat similar behavior, but the differences do not get as large
(recall that S15003 was kept in the laboratory). The Viisild in HRH205 varied much less,
and less systematically, over the course of the comparison.




Figures 17-20 show another way of looking at the same numbers, plotting relative
humidity difference against calibration date. Again, Figures 17 and 18 show that $15001
and 15002 had differences, which increased with time and increasing values of relative
humidity. In Figure 19, 15003 behaves similarly but to a smaller degree. In Figure 20,
the Viisild sensor in HRH205 has a smaller shift, which does not vary systematically
with date or relative humidity value.

Figures 21-24 are similar to Figures 13-16 except for air temperature. Sensor S15001, in
Figure 21, has low drift and does not show a consistent pattern. Sensor $15003, in

Figure 22, shows a consistent, although not monotonic, shift in calibration with date.
Except for a bad point in the April 2003 calibration of S15003, it shows less than a 0.1°C
variation in calibration through its last calibration in August 2003. The Viisild in
HRH205 shows 0.2°C or less variation in temperature calibration through the whole year.

Figures 25-28 show the calibrations vs. calibration date for temperature, similar to
Figures 17-20 for relative humidity. For S15001, calibration variation is highest for the
January to May 2003 period and decreases toward the end of the deployment. $15002
also shows maximum variation in the middle of the year. With the exception of one bad

point, S15003 has low variation through the whole year. HRH205 has minimum variation
through the middle of the year.

7. Conclusion

Of the three Sensirion sensors, the one kept inside and one of the two deployed outside
showed excellent calibration stability and accuracy in both relative humidity and
temperature. However, the S15002 had significant variations in calibration. Because of
the experience with this sensor, the UOP group will not adopt the Sensirion sensor for the
ASIMET HRH module. For users with more modest or shorter term accuracy
requirements, the Sensirion SHT11 or SHT15 might well be worth looking at. Although
communications circuitry and software must be developed for an embedded application,

the sensors themselves cost approximately $30 each. Their very small size might be
appealing in some applications.
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Figure 1: Sensirion sensor in plastic housing with porous cap.




Figure 2: Two Sensirion sensors and one Viisala sensor mounted for field tests.
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Figure 13: $15001 relative humidity calibration history vs. relative humidity.
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Figure 14: S15002 relative humidity calibration history vs. relative humidity.
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Figure 15: S15003 relative humidity calibration history vs. relative humidity.
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Figure 17: S15001 relative humidity calibration history vs. time.
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Figure 18: S15002 relative humidity calibration history vs. time.
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Figure 19: S15003 relative humidity calibration history vs. time.
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Figure 20: Viisild relative humidity calibration history vs. time.
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Figure 21: S15001 air temperature calibration history vs. relative humidity.
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Figure 22: S15002 air temperature calibration history vs. relative humidity.
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Figure 23: S15003 air temperature calibration history vs. relative humidity.
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Figure 24: Viisild air temperature calibration history vs. relative humidity.
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Figure 25: S15001 air temperature calibration history vs. time.
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Figure 26: S15002 air temperature calibration history vs. time.
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Figure 28: Viisild air temperature calibration history vs. time.
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Appendix A

SHT1x 1 SHT7x
Humidity & Temperature Sensor

Rolahva humidity and tmoratuu sensors

Dew point

_ Fully cafibrated, digital output

_ Excellent long-term stabifity
_No extemnal components required
_Ukra fow power consumption
_ Surface mountable or 4-pin fully interchangeable
_ Small size
_ Automalic power down

SENSIRION

THE BENSOR COMPANY

SHTTx

SHT1x ! SHT7x Product Summary
The SHTxc s & single chip relstive humidity and
‘Tamperalure mulli sensor module comprising a calibrated
“digital output Application of industial CMOS processes wiath
‘mmmmosmmm
highest reliabiity and excellent long ten stabiiity. The
dﬂu inchudes & capaciive polymer sensing element for
relative humidity and a bandgap temperature sensor. Both
ws seamiessly coupled to a 14bit analog to digital coriverter
‘MawmmMmhmmWMn

caldration coelficients ate programmed into the OTP

_memory. These coefficients are used intemally dusing

insasitements to calibrate the signals from the sensors.
The 2-wire' serial interface and intermal voltage requiation
aliows easy and fast system integration. its tiny size and low
‘power consimption makes it the ultimate thoica for even
the most demanding applications,

The device is supplied in sither & surfacemountabls LCC
(Leadiass Chip Carrier) or 8% a pluggabls 4-pin single-in-ine
type package. Customar specific packaging opions may be
available on request

Applications

_Hvac _ Test & Measiroment
_ Adtornotive __ DataLogging
_Consumar Goods Automation

_ Waeather Stations _ White Goods

_ Humidifiers _ Medical

. Debumidifiers

Ordering Information

SHTIt | 135 1059 2 |SMDQCO)
SHTI5 | 120 |404@540°c |SMDRCC)
SHI 435 1105 25°C |4-pinsingle-in-ne
SHTTS | 420 |04 @540 {4pinsingle-in-ine

SCK
9 DATA

WwW SEnSinon com Sensiion, Eggbuhisk 14, 8052 Zorich, Swilzerland, Tet +41 1306 4000, Fax +41 1306 030 2ot




SHT 1x/ SHT7x Relative Humidity & Temperaturs Sensor System

SENSIRION

THE ImMENGOR COMMANY

1 Sensor Performance Specifications

[Parameter ] Conditions [Min. [Typ.[ Max.| Units
esohution @ 05 [0.03[0.03] %RH |
8 1212 bt
epsatabilly 0.4 %RH
ceuracy m fnesrized | seefigure 1
%‘m Fully ntarchangestle |
raw data 13 %RH
nearized <<t %RH
Range 0 100 | %RH
esponss time Ve (63% 4 s
M t
Hysteresis +1 %RH
ong term stabily|  typical <1 WRHiyr
smperature :
esclution @ 0.041001/001] °C
0.07{0.02]002| °F
12|14 4] b
Fm 0.1 59
10.2 *F
ceuracy sob figure 1
ange 40 1238] °C
40 25491 °F
Response Tme | 1/6(63%) | 5 30 s
Tabled  Sensor Perfmance Specificatons
2 Interface Specifications
) GNE
— ﬁ SHT 1x
{slave)
] vaa 24rs—s;
Figure 2 Typical applcation circun!
2.1 Power Pins

The SHTxx requires a voltage supply belween 24 and 5.5 V.
ARer powerup the device nesds 1ims to reach its "slesp”
state. No commands should be sent befors that tme.

Power supply pins (VDD, GND) may be decoupled with a
100 nF capacitor.

2.2 Serlal Interface (Bidirectional 2-wire)

The serial interface of the SHTxx is optimized for sensor
readout and power consumplion and is not campatible with
FC intarfaces, see FAQ for details.

|

Oy
- SHT15175

......

e e 0°F
0 art o e
b

-4%c
F xrF 0 Lbadd

»
a5 Dmolultmnc‘youzs C(typl_a_l)_ £00°F

#MCH4 N C272°F

$cqd ‘ Do =54°F

$2°Cd Y LN : BHT11”1 ’ : C£38°F

210t Tl e . —-——-—.—_ 18°F

oo 5"T15ﬂ3 - e 00 e ‘m
0 10 20 30 40 5 60 70 80 %0 160

Figure ¥ Rel Humidly, Temperature and Dewpaint accuracies

221  Seralclock input (SCK)

The SCK is used to synchronize the communicaion betwesn
a microcontroller and the SHTxx Since the interface
consists of fully staic logic thers is no minmum SCK
froquency.

222 Serial dote (DATA)

The DATA tristate pin is used to transfer data in and out of
the device. DATA changes after the falling edge and is
valid on the rising edge of the serial clock SCK. During
transmission the DATA ine must remain stable while SCK is
high. To avoid signal contenfion the microcontrolier should
only drive DATA low. An external pull-up resistor (e g 10 k(1)
is required to pull the signal high. (Ses Figure 2) Pullup
resistors are often incuded in YO circuits of microcontroliers.
See Table 5 for detaied 1O characteristics.

M Each SHTuis tasted to be fully wihin RH sccutecy specications o 25 °C (77 °F) and 48 °C (1184 *F)
2 The default measirement resoktion of 14b4 femperatire) and 12bit humidty) cantbe reducedto 12 8nd @ bit through the stidus regicter

WWww Sensinon com

V2 01 March 2003 219




SHT 1x SHT7x Relative Huridity & Temperature Sensor System

SENSIRIDN

WIS SISO COMSANY

223 Sending a commend

Yo iniliate a transmission, & “Tranemission Sta” sequence
has to be issued. It consists of a lowering of the DATA fine
while SCK is high, followed by & low puise on SCK and

raising DATA again while SCK is sl high.
L
sk /T N T

Figue 3. *Transmisson Starl® sequmca

The subsequent command consists of three addesss_ bits
{only "000” is curmsntly supported) and five command bits.
Tha SHT indicates the proper reception of a command by
pulling the DATA pin low (ACK bit) alter the faling edge of
the 8th SCK clock. The DATA ine is released {and goes
high) after the falling sdge of the 8th SCK clock.

(L

Solt reset, resets the interface, clears the } 11116
status register to default valuss
wait minimum 11ms befors next command
Table2  SHTolist of commends
224 Measurement sequence (RH and T)
After issting 2 measurement command (00000101 for RH,
‘0000001 1’ for Temperature) the contro¥er has to wait for the

measuremnont to complets. This takes ~ approximately
11/55/210 ms for a 8/12/14bit measurement The exact time

‘varies by up to +15%with the spaed of the intemnal oscillator.
To signal the completion of a measurement, the SHXx pulls
down the data fine. ﬂucofholumlwaibrﬂis“dil
‘Teady” signal before starting to toggle SCK again,

mbmdmm

__gm DA dowh the OATA In l

Two byles of measurement data and ons byt of CRC
chacksum will then be fransmitted. The uC must
acknowledge each byts by puling the DATA line fow. All
values are MSB first, right justified. (0.g. the 5" SCK is MSB
for & 125 valus, for 2 8D result the first byta is not used).
mmmmmmnwu
CRC data. WORC-8 chetksum is not used the controller mey
teminate the comirumication alter the measurement data
LSB by keeping ack high,

The device autorratically retums 1o sleep mode after the
measurement and communication have ended.

m.:romuh-mmuvceusmn
should not be aclive for more than 15% of the time
(ongmmrmlnmdformmw[).

225 Conneclion reset sequence

i communication with the device is lost the following signal
will reset Rs sorial intarface:

While leaving DATA high, toggle SCK 9 or mors times. This

must be folowed by a “Transmnission Stat” sequence

preceding the next command. This sequence resets the

interfacs only. The status register pressrves its content.

DATA \ * '
S verer

Figured  Connection resel sequence

‘226 CRC-8 Checksum cakculstion

'wew‘ Commendwi0iOV

The whole digital transmission is secursd by » 8 bit
checksum. it ensures that any wiong data can be detected
and eliminated.

Ploase consuk application mobs “CRC-8 - Checkaum
Calculation” for information on how to calculate the CRC.

Ik = SHTtx e DATA o
2 Pait s uC contria DATA o

Meaaureme
~55mshr12bt
~Aimater B ok

u;ummmumu«

m—!mm ' “tkﬂ\ﬂf__‘_ Imb\ y IR
DATA T y ’ h .
s R Sﬁnmedm.b o \_‘““:‘ N
2K _..,»----N / { e _’4" s‘\“‘/ i- \\‘” ******

AR

Figwe5 Exampls RH measurement sequenca for value “0000°1001 * 0011000 1= 2363 = 75.79 %RH pwinoat Tomparsturs oompansefon)

www Sefsifion com
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SHT 1x/ SHY7x Relative Humidity & Temperature Sensor System

SENSIRION

THE DENSOR COMPANY

wal for data ready

20,0

—  —

8l

Y

{
|

4, prdem | |4

LS

I
11

I
qB

N
\____Y__._a

Figue ¢  Oveniew of Measurement Sequence (TS = Transmission Start)

2.3 Status Register

Some of the advanced funcions of the SHTxx are avalable
through the status register. The following section gives a
brief overview of these festires. A more detailed description
is available in the application nots “Status Register”

a;1°1°1°1°1'|'|°Hl R3 |1 H
[

Comirand
Figurs 7  Stalus Register Wnle

aler switching on the heater, proper funconally of both

sensors can be verifed.

o In high {>05 %RH) RH srvironments heating the sensor
sloment will prevent condsneation, improve response
$ime and accuracy

Waming: Whis hested the SHTxx will show higher

temperatwres and a lower relative humidily than with no

heating.

2.4 Electrical Characteristics'™
VDD=5V, Temperature = 25 *C unless otharwise noted

Conditions (M. [Typ. [Max. fUnia
11 N
e S T Fhe ZTEE NN
Lidditf|%e Reg)td
r ) [Supply cument Mme3sunng 55)
Cammand average 2 ?'Sﬁ
Figue 3 Stalus Registar Read jserp 631 1
Low bevel output voltage g 20% Jvad
L.:.!. L. R .!:.‘% :}‘_! Hch level oupud votage 5% 100% [vad
e Low bewel inpul vokage INecutive going| 0 0% jvad
SR [ Gty dowvetie ey X by oetah “on|  [iBlel rpsiitags [Posiive gomg | 0% OR[va
ViV <247 ypdied et 3 Jrou curvent on pads 1
mesutement JOutput peak currant on 4 Jmh
resened o [Frstad (oM) 01 A
e 2 Tabled  SHTxx DC Characteristics
AW | Hostor D {oF
R [ eiad e OTF 7N T {Paramoter IConditions [nan Ynlhlhl
O JRW [1'« StaRH /12t Temperanre rgdubon J0 [ 1208 RA oo JSCK frequency VDD >45V 10 Mt
U= 12b RH 7 14ba Tempenatute resdution 180¢ Temp VIO <45 Y 1 M
Table 3  Status Register Bits wo [DATAfaime  [CulputloadSpF  [35110 | 20 fns
. Output load 100 pF §30 140 200 Ins
231  Measurement resokifon o | SCK hikow fime 100 ns
The defaukt measurement resokiion of 14bt (temperature)  [Bv__[DATA veid time £04 s
and 125 (humidy) can be reduced to 12 and Bkt Thisis  F&_[DAAS s i
especialy usehd in Ngh speed or extreme low power hs"" ol
ieat + JSCK nsefial hme 200 ns

232 End of Bettery
The “End of Battery” function detects VDD voltages below
247V, Accuracy is 1005V

233 Heater

An on chip heating elament can be switched on. It wil
increase the temperature of the sensor by approximately 5°C
(9 °F). Power consumption will increase by ~8mA @5 V.
Applications:

By comparing tempersture and humidity values before and

Y Parametets ate perindually tampiad and not 100% tested
O With une mid surament o1 8 b sccuracy withcat OTE relobd per second
B With one measutement of 1206 scasracy pet cacond

Table 5  SHTwx O Signals Charactenistcs

Tr
SCK

DATA

Flgure® Timng Diagram

Www Sensinon com
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SHT1x/ SHT7x Retative Humidity & Temperature Sensor System
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3 Converting Output to Physical Values

4.1 Relative Humidity
’Tomturhmwdhhm&ym
and to sbiain the Al accuracy R is recommended (o conviet
uwmnmm*

Tabie § H.m'udty conversion coemens

For simplfied, lass computation intensa conversion formulas
. se0 application note "RH snd Temperatiws Non-Linsarily

Compensation”.

The humidity sansor has no nign‘ﬁcmtv&aga depandency.

-

g

¥
\ ;
1 1

b e e e s i e o i

P

Figure 10 Carwersion l‘om 50w fo relative humidity

311 Compensstion of RH/Tempersture dependency
For temperatures sigrificantly different from 25 °C (~77 *F)
the tamparature toolficient of the RH sefsor should de
RH,,, = (Tog - 25)o(t, +t; #S0p) +RHpey
12bkt - 0.81 000008
8 bit 0 o1 0128

Jabls 7 Temperatire compensation coeficients
This equals -0.12 %RH/*C @ 50 %RH

1 Where SOnuis the sensor oulpin for relative humidiy

32 Temporaturs
The bandgap PTAT (Propartional To Absckles Temperature)

“temperatine sensor s ety Tinear by design. Use the
.MWHMMMW&

temperature:
Tempm ‘g""g.so', o

| 2075 | B0
asv] mes | 2%
"V | w80 | %28
25V] %85 | %29

Table®  Temperalure conversion cosficients

For improved accuracies in wxreme temperatwes with more
compulation intense conversion formulas see application
note “RH and Temperature Non-Linearity Compensation”

3.3 Dewpoint

_Smhuudkyndmmmbo&mdmﬂn

Www sernsinon.com

Y2 01 Merch 2000 — 58




SHT 1x/ SHT7x Relative Humidity & Temperature Sensor System

SENSIRION

THE ZENSOR COMMANY

4 Applications Information
4.1 Operating and Storage Conditions

I;‘RHI
00 . amwm
804 : I -4 candiions
80 Hmmdo&.n&m \ ‘
404 :nndrtlmh \
20- ; %
od | - ire
40 20 20 40 60 80 100 120

Figure 11 Recommended operadng condions

Conditions outside the recommended range may temporarily
offset the RH signal up to 3 %RH, Afer retum to normal
condilions it wil slowly retum towards calibration state by
itsef. See 4.3 Reconditioning Procedurs” to accelerats this

process. Pmlongodupombmmcondbuumay
accelerate ageing.

4.2 Exposurs to Chemicals
Vmonmuymuﬂrhpdyrmbymmodbr
capacitive humidity sensors. The diffusion of chemicals into
hpdmmaymunumbomm”dm
In & clean environment the contaminants will slowly oulgas.
The reconditioning procedurs described below will
accelerats this process.
High levels of polltants may cause pemmanent damage to
the sensing polymer.

4.3 Reconditioning Procedurs

The following recondiioning procedure will bring the sensor
back to calbration state alter exposure to exirame conditions
or chemical vapors.

80-90 *C (17s.104'r) at < 5 %RH for 24h (baking) followed by
20-30 °C oc0°'r) k> 74 %RH for 48h (re-hydration)

44 Qualifications
Extonsive tests wers parformed in various environments.
Plaase contact SENSIRION For additional information.

Fesulle®
Tomperature JJESD22-A104-B -40 *Cl'ithn
yelon / 125°C, 1000cy Specifications
T JESD22-A110-B IReversible shift
o Cocker {2 3bar 125°CE6%RH  [by +2 %RH
Atmosphere  IDIN-50021s5 [Wittsn Spac
ndeneing Alr - Within Spec
reezing cycles [ 20/+€G°C, 100cy Reversitie shift
ly submerged  [30mn dwell tme by +2 %RH
[Vardous AutomotivelDN 72300.5 Within
Chenicaln ecifications
ICigarette smoke  FEquvaeni to 15years  [Wihin
Jin @ mid-size car Specrfications

Table$  Quahfication tests fexcerpl)

4.5 ESD (Blectrostatic Discharge)

ESD immunity is qualified according to MIL STD 883F,
method 3015 (Human Body Model at 12 kV)).

Latch-up immunily is provided at a force current of 1100 mA
with Tom = 80 °C according to JEDEC 17.

Ses application nots ‘ESD, Lakchup and EMC” for more
information.

4.8 Tomperature Effects

The relative humidity of a gas strongly depends on is
temperature. 1t is thersfore essential to keep humidity
sensors at the same temperature as the air of which the
relative humidity is to be measured.

If the SHTxx shares 8 PCB with electronic tomponents that
give off heat it should bs mounted far away and below the
heat source and the housing must remain well ventiated.
To reduce heat conduction copper layers bebwesn the
SHT1x and the rest of the PCB should be minimized and a
it may be milled in between. ( See figure 14 )

4.7 Materials Used for Sealing { Mounting

Many materists absorb humidily and will act as a buffer,
increasing msponse times and hysterasis. Malerisls in the
vicinity of the sensor must therefore be carefidly chosen.
Recommended materials are:

AN Metals, LCP, POM Dekin), PTFE (Teflon), PE, PEEK,
PP, PB, PPS, PSU, PVDF, PVF
Fummmmcmw)

High filled wpaxy for slectronic packaging (s.g. glob top,
underfil), and Siicone are recommended.

48 Membranes

A membrane can be used to prevent dirt from entering the
housing and o protect the sensor. it will also reduce peak
concentraions of chemical vapors. For optimal response
hnunvohmcbdmdﬂunmmmmmuhplba
minimum.

49 Light

The SHTx is not ight sensiive. Prolonged direct exposure
to sunshine or strong UV radiation may age the housing.
4.10 Wiring Considerations and Signal Integrity
Carrying the SCK and DATA signal parafie! and in close
proximity (e.g. in wires) for more than 10cm may resut in
cross tak and loss of communication. This may be resolved
by routing VDO and/or GND between the two data signals.
Pleaumﬂu application nots “ESD, Latchup and EMC” for
more i

Power supply pins (VOD, GND) should be decoupled with a
100 nF capacitor if wires are used.

M The tempersture sensor passed &t leats without oy dntectable dnft Package and electronics alss passed 100%
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SHT4x / SHT 7x Relative Humidity & Temperature Sensor System
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5 Package information
8.4 SHT4x (surface mountable)

 |DATA | Serial data, bidwacional ,
4 (VDD 24-55¥. .
NC Remaining pins must be left unconnected

Yable 10 SHT 4x Pin Descnption

5.1.1 Package type

The SHT1x is supphed in a suface-mountable LCC
{Loadiess Chip Cawrier) type package. The sensors housing
consists of a Liquid Crystal Polymer (LCP) cap with epoxy
glob top on a standard 0.8 mm FR4 substrate. The device is
fres oflead, Cd and Hg.

Device size is 7.42 x 4.88 x 2.5 mm (0.29 x 0.10 x 0.1 inch)
Weight 100 mg '

The production date is printed onto the cap in white rumbers
i the forn wivy, 8.9, "351™ = wesk 35, 2001.

5.12 :Delivery Condtions

The SHY 1x are shipped in standard IC twbes by 80 unks per
fube or in 12mm tape. Resls are individually labelled with
barcode and human readable labels.

& e B

Figure 12 Tape configuraion and unit orientalion

513  Aounting Exemples

Siit to minimize heat
transfer from the PCB

Figure 14 SHT1xPCB Mouning exarmple

5.1.4  Soldering information

_Standard reflow soldering ovens may be used at madmum
235°C for 20 seconds.

For manual soldering contact time must be fimited to §
saconds atup to 350 °C. ‘

Afsr soldedng the devices should be stored at >74 %RH for
gt lsast 24h to allow the polymer io rehydrate, v
Pleases consult the application note “Soldefing procedure” for
more information.

Side View Recommended PCB Foolpeint
‘aﬂéumm
2
=
. -4
3 e 2
~lag | ERENR } £ 5
Scy §
=] = 3 £
acxin e ..Lﬂﬂ.l.mtﬂ.‘ﬂl.LLﬂr
007 yon jorey OO

489 {019)

Figure 15 SHT 1xdrawing and footprint dimengions in mm fnch)
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SHT 1x/ SHT7x Relative Humidity & Temperature Sensor Systsm :':_’..Egg.! 5!.9&'

8.2 SHT7x (4-pin single-in-line) 3.1
0

Pin |[Nawe  [Comment
SCK Serial chock input
VDD Supply 24-55V
3 |GND Ground

4 | DATA | Sesdal dats bidirectonal
Table 1 SHT7x Pin Descrption

5.21 Package fype’

The device is supplied in & single-indine pin type package.
The sensor housing consists of a Liquid Crystal Polymer
(LCP) cap with spoxy plob top on a standard 8.6 nm FR4 12
substrate. The device is Cd and Hg fres. 10.05)
The sensor head is connected to the pins by a small bridge

to minimize heat conducion and response times. The gold [oeee 8
platad back side of the sensor head is connectedtotheGND |  “—-—~ '

04

10.02)

135
0.53)
I

3.7
(.18
g

34
1Y)

pin.
A 100nF capacitor is mounted on the back side betwesn
VDD and GND.

AN pins are gold plated to avoid comosion. They can be
soldersd or mate with most 1.27 mm (0.05") sockets

0.9 Preci-dip / Mill-Max 851-93-004-20-001 or similar

Total weight: 168 mg, weight of sensor head 73mg

The production date is printed onto the cap in whils numbers
in the forn wwy. 0.g. "351° = weak 35, 2001.

5.22 Delvery Conditions 0.46 1.27 0.2

The SHT7x are shipped in 32 mm taps. Thesa resled parts LU'W) &.08(0.05) oy 4

in standard opion are shipped with 500 units per 13 inch 02) oo
diametar reel. Resk are indiidually labsked with barcode  Figure 17 SHT7x dimensions in mm {inch)

and human readable labels,

=6
(~0.24)

4

©
v}
o

Q
[+]

=

Figure 18 Tape configuraton and unit ofienfaon

§.23 Soldeving informafion

Standard wave SHT7x soldering ovens may be used at
madmum 235 *C for 20 seconds.

For manual soldering contact time must be limited to 5
seconds atup to 350 °C.

Afer wave soldering the devices should be stored at
574 %RH for at least 24h to allow the polymer to rehydrate.

Please consuk the application note “Soldering procedure” for
more information.

! Other packaging cptions may be avalatie onrequest
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6 Revision history

vio: 1-0 .

7 Imporhnt Noticos

7.1 Waming, personal injury
‘Dnnotmtﬁspmludaddywmmcym
devices or in any other application where failure of the
product could resul in personal injuty. Fallure ®
_comply with these instructions could result in death or
Should buyer purchase or use SENSIRION AG products for any
sush unintended of Lnauhorized application, Buyer shal
indemnify and hold SENSIRION AG and its offcers, employess,
sibsidaries, afffisles and distributors harmiess against alf clairnsg,
costs, damages ‘and expenses, ‘and reasonable ‘aftorney foes
arising ‘out of, drectly or mdectly, any ctaim of personal injury of
death associatedt with such unintended or unauthonzed use, even
isuch claim alleges That SENSIRION AG was negligent régarding
the design or manutacture of the part

1.2 ESD Precautions

‘The nherent desion of his comporient causes it o be sensibve o
elestrosiatic discharge (ESD) To prevent ESD-nduced domage
ancior degradation, tske norma ESD precatifons when hamﬁng
this product

See spplicafion note “ESD, Lalchup and EMC" for more
informaion h

1.3 Warvanty

SENSRION AG migkes rio warranly, representalion or guaraniee
‘tegarding the suitablity of its product %or any parficdar pupose,

nor does SENSIRION AG assumme any Rability arising out of the
application or use. of eny produc! of ‘circud’ and specifcally
disclaims any end all Rebility, including without Emitation
consequential of ircidertal damages. “Typical' parameters can
and do vary in different applicadons Al opesating parameters,
includng “Typica® mist be vahdaled for each cusiomer
applications by cusiomer's Rechnical experts.

SENSRION AG reserves the righl, without” further notice, o

change he product specifations andior informalion 1 this
- ‘Bocument and 6 improve reliabity, tunotions and design

Copyright® 2001-2008, SENSRICN AG

Al nghts reserved

Headquarters and Sales Office
SENSIRIONAG  Phone:  +41{0)130640 00 B .
Eggbahistr. 14 Fax + 41 {01306 40 30 Sensirion humidly sensors are available fon:
P.0. Box email; info@sensirion.com
ci-i-soszzm ‘it e, sengiion cormy
find your local rapresentative at-
Waw sensition convreps
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